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'^fhis ERIC-CSMEE Information Bulletin focuses on coop- 
erative learning, with an emphasis on its use in science class- 
roo:ns. Although this approach to instruction has existed for 
majay years, it has not been a common instructional technique 
in science. Several of the more recent elementary science 
cmxiculum projects, however, incorporate cooperative learn- 
ing as an essential technique. The BSCS elementary school 
science program, "Science for Life and Living: Integrating 
Science, Technology, and Health," a K-6 program uses coop- 
erative learning throughout its curriculum. The cuiriculum 
developers explain their choice by saying that cooperative 
learning promotes academic achievement, facilitates class- 
room and materials management, and enhances students' self- 
esteem (Wooley et al, 1990:32). 

Although teachers frequendy assert that they use group work 
in science all the time, particularly in lab activities, those 
persons whose area of expertise is cooperative learning main- 
tain that group work and cooperative learning are not s>Tiony- 
mous. Cooperative learning is more than telling your class, 
"Get your desks moved into groups of four." Part of the 
purpose for producing this bulletin is to provide additional 
information about the characteristics of cooperative learning 
and how it differs from other group work. 

Why Cooperative Learning in Science? 

Roger and David Johnson (1991) answer this question by 
pointing out that a quick look through the table of contents of 
scientific journals will illustrate the cooperative nature of 
scientific inquu7 if the reader focuses on the number of authors 
of most journal articles. In addition, observation in science 
classes in which hands-on activities are taking place will 
usually reveal students working in pairs or small groups. 

Writing in Sciencefor All Americans y Rutherfordand Ahlgren 
(1990: 189) in their discussion of effective teaching and 
learning of science, mathematics and technology say: 

The collaborative nature of scientific and technological 
woik should be strongly reinforced by frequent group 
activity in the classroom. Scientists and engineers work 
mostly in groups and less often as isolated investigators. 
Similarly, students should gain experience sharing 
responsibility for learning with each other. In the process 
of coming to conmion understandings, students in a group 
must frequently inform each other about procedures and 
meanings, argue over fundings, and assess how the task is 
progressing . In the context of team responsibility, feedback 



and communication become more realistic and of a 
character very different from the usual individualistic 
textbook-homework-recitation ^proach. 

Johnson and Johnson consider the primary responsibilities 
of education to be learning and socialization, both of which are 
social processes (1987: 69). However, Glasser says that, in 
today's typical classroom, students work alone and are fre- 
quently remindednot to talkand to keep their eyes on their own 
work (Gough, 1987: 659). 

Students need to be actively involved in their own learning, 
even at the college level. About five percent of time in college 
classes is spent in active participation. More than one-half of 
college students conmiuie lo class daily. More than 40% are 
enrolled part-time. The amount of student learning and per- 
sonal develofMnent that occurs is direcdy proportional to the 
quality and quantity of student involvement in the educational 
program (Cooper and Prescott, 1989). 

Conmion approaches lo instruction are competition, coop- 
eration, and individual work. It is not the purpose of this 
bulletin to advocate that cooperative learning displace the 
other two fcHms of instruction. Johnson and Johnson (1987: 

67) contend **. . .There is clear evidence that American students 
see school as a competitive experience where it is vital lo be al 
the top of your class and beat most of the other students. 
Johnson and Johnson further hypothesize, based on their 
research and that of other individuals, that if the competitive 
and individualistic goal structures of American education were 
to be less dominant and if cooperative learning were used more 
widely and more often, students would learn more science and 
mathematics, like these subjects to a greater degree than they 
now do, come to feel better about themselves as science (or 
niathematics) students, and to have a more healthy attitude 
toward the acceptance of differences in their classmates (1987: 

68) . 

Johnson and Johnson also assert that the research data on 
cooperative learning show that its use leads lo students learn- 
ing more material, feeling more confident and motivated lo 
learn, exhibiting higher achievement, having greater compe- 
tence in critical thinking, possessing more positive altitudes 
toward the subject studied, exhibiting greater competence in 
collaborative activities, having greater psychological health, 
and accepting differences among their peers (1984, 1987). 
They point out that patterns of student interactions in classes 
and the effects of these interactions on learning are relatively 
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ignored in preservice and inservice education, and are vastly 
underestimated as a factor in learning (1987: 46). 

Some Characteristics off Cooperative Learning 

David and Roger Johnson and Robert E, Slavin have pub- 
lished numerous articles and books on cooperative learning. 
The Johnsons (1984) have identified four basic elements in 
cooperative learning: (1) interdependence among students 
seeking mutual goals through combined efforts, (2) face-to- 
face interaction among students, (3) individual accountability 
for mastery of the material covered, and (4) an>ropriate use of 
inteipersonalandsmall-groupskills by students. TheJohnsons 
say d)at effective implementation of cooperative learning 
involves specifying instructional objectives; placing students 
in appropriate learning groups; explaining to students the 
academic tasks and cooperative methods to be used in achiev- 
ing these tasks; monitoring the progress of the groups and, 
when necessary, intervening to provide assistance; and evalu- 
ating student achievements with student input. 

Slavin (1989) cautions that, in recent years, cooperative 
learning has been proposed as a solution to many problems in 
education. Slavin thinks that under certain circumstances, the 
use of cooperative learning can help educators achieve many 
of their goals. He points out, however, that all fonns of 
cooperative learning are not equally effective for all goals. 
Because achievement is a frequently desired go.ii, Slavin 
stresses that two conditions must be present if achievement 
effects are to be produced: (1) a group goal that is important to 
the group must be present and (2) individual accountability 
must be necessary-~the success of the group must depend on 
the individual learning of all group members . If one condition 
is present, but not the other, the method is less effective in 
Slavin's opinion (1989: 31). 

Slavin is concerned that teachers do not really understand 
v/hat is involved in cooperative learning. In his opinion, 
possibilities exist to oversell cooperative learning as well as to 
undertrain teachers in its use (1990: 3). The Johnsons agre-e 
with Slavin*s contention that training takes more than one 
three-hour inservice session. They say that teachers need to 
use cooperative learning procedures regularly for several years 
to become proficient and that teachers need to be given 
classroom assistance as they attempt implementation ( 1984: 4). 

To review, cooperative learning involves: 

• positive interdependence 

• face-to-face interaction amcHig students 

• individual accountability for mastering the assigned 
material 

• appropriate use of interpersonal and small-group skills. 
For those readers who are still saying, "But I do that all the 

time..., "Figure 1 provides a comparison of cooperative learn- 
ing and small group activities. 

Some Varieties of Cooperative Learning 

This information bulletin is not sufficiently long enough to 
accommodate detailed discussions of the more conunon vari- 
eties of cooperative learning. Readers who wish to learn more 
are advised to consult one or more of the publications listed in 
the references and to conduct their own searches of the ERIC 
database for additional references and information. 



Circles of Learning. In early publications of David and 
Roger Johnson referred to as "Learning Together." Later, they 
published a book entitled Circles of Learning, (1984) which 
appears to provide a more recent title for this method. Its 
implementation involves 18 steps: (1) clearly specify instruc- 
tional objectives; (2) limit group size to no more than six; (3) 
suncture groups for heterogeneity relative to ability, sex, 
ethnicity; (4) arrange groups in circles to facilitate communi- 
cation; (5) use instructional materials to promote interdepen- 
dence among students; (6) assign roles to ensure interdepen- 
dence; (7) explain the academic task; (8) structure positive 
goal interdependence; (9) structure individual accountability 
for learning so that all group members must contribute; (10) 
sUucture inter group cooperation; (11) explain criteria for 
success; (12) specify desired behaviors; (13)monitor students' 
behavior continually for problems with the task or with col- 
laborative efforts; (14) provide task assistance; (15) intervene 
to teach collaborative skills, if necessary; (16) provide closure 
to lesson with summaries by students and teacher; (17) evalu- 
ate the students* work; and (18) assess group functioning 
through ongoing observation during lessons and discussion of 
group process after the lesson or unit is completed (Johnson et 
al., 1984: 26-40). 

Jigsaw, This cooperative learning method was developed 
by Aronson {The Jigsaw Classroom, 1978). (There are now 
tv/o additional versions: Jigsaw II and Jigsaw III), In Aronson' s 
method, each student in a five-member group is given informa- 
tion that comprises only one part of the lesson. Each student 
in the group has a different piece of information. All students 
need to know all information to be successful. Students leave 
their original group and form an "expert group", in which all 
persons with the same piece of information get together, study 
it, and decide how best to teach it to their peers in the original 
group. After this is accomplished, students return to their 
original groups, and each teaches his/her portion of the lessen 
to the others in the group. Students work cooperatively in two 
different groups, their group and the expert group. Grades are 
based on individual examination performance. There is no 
specific reward for achievement or for the use of cooperative 
skills (Knight & Bohhneyer in Sharan, 1990: 3). 

Jigsaw IL This modification was developed by Robert 
Slavin. In it, competition occurs between learning teams who 
compete for specific group rewards, which are based on 
individual perfcraiance. Points are earned for the team by each 
student improving his/her performance relative to his/her 
performance on previous quizzes (Knight & Bohhneyer in 
Sharan, 1990: 4). Also, all students read a conunon narrative 
and then each is assigned a topic upon which to become an 
expert. This version saves the teacher from having to prepare 
different sets of reading materials. 

Jigsaw IlL This method, developed by Spencer Kagan, is for 
use in bilingual classrooms. Cooperative groups consist of one 
English speaker, one non-English speaker, and one bilingual 
student All materials are bilingual (Knight & Bohlmeyer in 
Sharan, 1990: 4). 

Student Teams-Achievement Divisions (STAD). This method, 
developed by Slavin, involves competition among groups. 
Students are grouped heterogeneously by abiUty, gender, race, 
ethnicity. Students learn materials in teams and take quizzes 
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Figure 1 

COOPERATIVE GROUPS SMALL GROUPS 



Positive interdependence. 
Students sink or swim together. 
Face-to-face oral interaction. 

Individual accountability: each 
pupil must master the material. 

Teachers teach social skills 
needed for successful group work. 

Teacher monitors students* 
behavior. 



Feedback and discussion of students' 
behavior is an integral part of ending 
the activity before moving on. 

(adapted from EUis and Whalen, 1990: 15) 



as individuals. Individual scores contribute to a group score. 
The points contributed to the group are based on a student's 
improvement over previous quiz performance. S Lavin consid- 
ers this method aj^ropriate for a variety of subjects, including 
science, if the focus is on material with single right answers 
(Slavin, 1988: 9). 

TeamS'Games-Toumaments (TGT). Developed by DeVries 
and Slavin, this method involves the same use of heteroge- 
neous teams, instructional format, and worksheets as does 
ST AD for the learning of information. For the tournament, 
students from different teams are placed in groups of three 
students of comparable ability. In TGT the academic game 
replaces quizzes. Although study teams stay together for six 
weeks, tournament table composition changes, weekly. 

Slavin advises teachers against using tournament scores for 
individual quiz grades and suggests that quizzes be used as well 
as midterm and final examinations. He suggests that TGT can 
be used two to three days a week in science to learn basic 
concepts, with laboratory activities taking place on the other 
two days. It is also possible to alternate TGT with ST AD on 
a weekly basis. Students appear to enjoy the challenge of the 
tournaments and, because they compete with others of compa- 
rable ability, the competition is fair (Slavin, 1988: 19). 

Group Investigation. This method, developed by Sharan 
and others, emphasizes more student choice and control than 
do other cooperative methods. Students are involved in 
planning what to study and how to investigate. 

Cooperative groups are formed on the l)asis of common 
interest in a particular aspect of a general topic. All group 
members help plan bow they wilil research the topic and divide 
the work among themselves. Then each cani.es outhis/her part 



No interdependence. Students work on their 
own, often or occasionally checking their 
answers with other students. 

Hitchhiking: some students let others do most 
or all of the work, then copy. 

Social skills are not systematically taught. 



Teacher does not directly observe student 
behavior, often works witli a few students 
or works on other tasks (grades papers, 
prepares next lesson, etc.). 

No discussion of how well students worked 
together, other than general comments such 
as "Nice job" or "Next time, try to work 
more quietly." 



of the investigation. The group synthesizes and summarizes 
the work and presents their findings to the class (Sharan and 
Sharan, 1990: 17). 

This method is an attempt to combine democratic process 
and academic inquiry. The teacher needs to adopt an indirect 
style of leadership, acting as a resource person while providing 
direction and clarification as needed. The teacher* s task is to 
create a stimulaiing work environment. 

There are six specific stages involved in Group Investiga- 
tion. In the first, the teacher identifies the general topic and 
helps the students, through discussion, to identify subtc^ics. 
Students work in groups of two to six. Students identify 
important points to investigate and how to organize for group 
study. They also need to decide how members are going to 
exchange information. The teacher may begin this stage by 
asking the class "What would you like to know about. . A 
short lecture might be used to stimulate interest A variety of 
relevant materials might be available for students to examine. 
Students can then raise questions, which are listed on the 
chalkboard, or they can meet in buzz groups to generate 
questions prior to this listing. 

In the second stage, students work together to plan how they 
wiU carry out the investigation of their subtopic or set of 
questions. In addition to generating a listing of who will 
investigate what and deciding how to proceed, the groups may 
identify the resources they will need. 

The third stage is prci)ably the longest in this method. 
During this time, students work on their investigations. The 
teacher, in addition to helping students locate resources, needs 
to review with each group the activities that are planned for a 
particular class period. 
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In the fourth stage, students woric together in their groups, 
analyzing and evaluating the information they have obtained. 
Students need to decide what are the essential parts of their 
investigation and plan how to present this inforniation to the 
restof theclass. In addition to integrating the information, they 
have to decide how best to teach it. To facilitate the presenta- 
tions which lake place in a later stage, the teacher forms a 
steering committee made up of a representative from each 
group. This steering committee then coordinates the presenta- 
tions and use of materials and provides recommendations to 
m'ike certain the content of each presentation is meaningful 
and interesting. 

In the fifth stage, each group presents a sununary of the 
results of its investigation so that ail students gain a broad 
perspective of the general topic . This will involve several class 
periods. 

The sixth stage involves the evaluation of reports and pre- 
sentations as well as individual learning. Students provide 
feedback to groups. In addition, each group submits a number 
of questions to the teacher to be used on the final examination. 
They also provide the correct answers or criteria for j udging the 
adequacy of a response. When the examination is given, they 
answer all questions except those their group submitted. The 
teacher needs to solicit student feedback about the topic, the 
process, and suggestions for increasing students* effectiveness 
as investigators (Sharan and Sharan, 1990: 17-20; Knight & 
Bohlmeyer in Sharan, ed., 1990: 6-7). 

Group Investigation gives students control over their learn- 
ing, allows them to work together collaboratively, and to study 
what interests them. It appears to promote student responsibil- 
ity for learning while emphasizing collaborative skills. 

Kagan, in an article in Educational Leadership (Dec. 89/Jan 
1990: 12-15), discusses structures for cooperative learning. 
Kagan considers "structures" to be content-free ways of orga- 
nizing social interaction in classrooms. These structures 
involve a series of steps and do not have content-bound 
objectives. Kagan classified these structures according to 
major instructional focus: team building, class building, com- 
munication building, mastery, concept development, and mul- 
tifunctional. Structures may have academic and/or social 
functions. Kagan believes that it is comparatively easy for 
teachers to master one structure at a time, whereas mastering 
cooperative learning methods may be overwhelming (1990: 15). 

Kagan contends that structures may be used with almost any 
subject matter, at a wide range of grade levels, and at various 
points in a lesson plan. Structures may be combined to form 
multistructural lessons in which each structure serves as a 
building block, providing a learning experience upon which 
subsequent stmctures can expand (1990: 12). 

In this same issue of Educational Leadership, Totten and 
Sills identify and briefly describe 10 publications they con- 
sider to be seminar works offering the reader a comprehensive 
discussion of cooperative metJKXls (1990: 66). 

Research on Cooperative Learning 

Johnson and Johnson have extensively reviewed the litera- 
ture on cooperative learning identifying a study that dates back 
to 1987 (Brandt, 1987:16). They identify a variety of outcomes 
of cooperative learning . Achievement increases for all ability 



levels (high, medium, low); higher-level thinking processes 
can result; a deeper level of understanding is possible; critical 
thinking is promoted; more positive peer relationships result; 
students exhibit better social skills and provide more social 
support for their peers; and a higher level of self esteem can 
result (Brandt, 1987:17). In addition, there is a fringe benefit: 
as teachers teach their students ho w to be a part of a productive 
group and manage conflict, teachers also leam those social 
skills andean use them with their colleagues (Brandt, 1987:18- 
19). Johnson and Johnson cite 19 studies which provide 
evidence that cooperative learning promotes higher achieve- 
ment than do competitive or individual learning experiences 
(in Champagne and Homig, 1987:73). They also report a 
meta-analysis of 122 studies of cooperative learning done 
between 1924 and 1981. The 286 findings were analyzed 
using three different methods: voting, effect size, and z score. 
All methods of analysis resulted in the same finding: coopera- 
tive learning lends to promote higher achievement than does 
competition or individual work, with this finding holding for 
all age levels, all subject areas, and a variety of tasks (Johnson 
etal, 1984:15). 

Johnson and Johnson also conducted a meta-analysis of 98 
studies focused on the relative impact of cooperation, compe- 
tition, and individual work on interpersonal attraction among 
homogeneous and heterogeneous samples of students. These 
studies were published between 1944 and 1982 and resulted in 
251 findings. Cooperative learning appeared to promote 
greater interpersonal attraction among homogeneous groups 
of students, students from different ethnic groups, handi- 
capped and non handicapped students (1984:20). Again, the 
three methods of analysis were used in this study and the 
results did not differ with the method. 

Slavin is critical of any research reports on cooperative 
learning that do not last at least four weeks or more. Slavin 
identified 70 studies that evaluated various cooperative learn- 
ing methods for periods of four weeks or longer; 67 involved 
measurement of effects on student achievement. All compared 
the effects of cooperative learning to traditionally taught 
control groups, with teachers and classes either randomly 
assigned to cooperative or control groups or matched on 
pretest achievement level and other factors. When these 67 
studies were reviewed, 41 (61%) had significantly greater 
achievement in cooperative classes. No differences were 
found in 25 studies (37%). In only one study did the control 
group outperform the cooperative group (1991: 75-76). 

Slavin maintains that if cooperative learning is to be effec- 
tive, both group goals and individual accountability must be 
present. In the 44 studies in which these conditions were met, 
37 studies (84%) contained reports of significant positive 
achievement effects. There were 23 studies in which group 
goals and individual accountability were lacking. Only four of 
these studies (17%) reported pos iti ve effects on student achieve- 
ment, and two of these four studies involved the use of Group 
Investigation (1991: 76-77). 

Slavin reported that, in his review, achievement effects of 
cooperative learning were found to be about the same degree 
at all grade levels (2-12); in all major subjects; and in urban, 
rural, and suburban schools. Effects were equally positive for 
high, average, and low achievers. Positive effects were found 
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for outcomes such as self-esteem, inter group relations, accep- 
tance of academically handicapped students, and ability to 
work cooperatively (1991: 71). 

Newniann and Thompson (1987) reviewed 27 reports of 
**high quality" research on cooperative learning at the second- 
ary level. They chose to prepare this review because much 
cooperative learning research involves elementary pupils. 
Because of the differences between secondary and elementary 
education and students they wished to see if effects on achieve- 
ment were different In addition, they were looking for 
alternatives to "frontal teaching". The studies they reviewed 
involved five major cooperative leatning techniques: Student 
Teams-AchievementDivisions (STAD), Teams-Games-Tour- 
namenls (TGT), Jigsaw, Learning Together, and Group Inves- 
tigation. 

The 27 studies yielded 37 comparisons of cooperative learn- 
ing versus conventional/control (frontal teaching) groups. 
Cooperative learning was favored at the .05 level of signifi- 
cance for 25 COTiparisons (68%). Twenty-eight comparisons 
were used to compute effect sizes that ranged from .87 to 5. 15. 
Although most studies involved grade 7, the greatest success 
with cooperative learning was in grades 8 and 9. Science was 
the subject involved in most studies. However, studies involv- 
ing mathematics or language arts had the highest success rates. 
The most consistently successful method was STAD, and the 
least successful, Jigsaw. 

Newmann aiid Thompson suggest that more research on the 
use of cooperative learning with secondary' students is needed, 
and thatresearchers should investigate the interaction of method, 
level of thought, student background characteristics, and stu- 
dent status within the group. They also encourage investiga- 
tors to examine the specific types of verbal interaction within 
groups that are most likely to boost achievement (1987:6). 
They agree with Slavin that group reward aiKi individual 
accountability and cooperative task structure are needed for 
effective cooperative learning. They speculate that lack of 
these elements may be why Jigsaw is less successful than other 
methods. 

Newmiann and Thompson reported that the fewest studies 
(six) involved grades 10-12. The success rate for these studies 
was 33%. The authors think that teachers perceive high school 
students as mi being interested in cooperative learning or that 
teachers consider they have too much information to cover in 
a limited time with students. In their opinion, this is an area in 
need of staff development, as well as further research. 

Cooperative Learning in Science Classrooms 

Not all of the studies reported in this section are reports of 
research, but research studies do constitute the majority of the 
literature reviewed. All reports deal with science teachers and 
students. Studies are presented by increasing grade level of the 
students involved. 

Jones and Steinbrink (1989, 1991) have developed a coop- 
erative learning approach that they call Home Teams-Expert 
Groups. Theirmethod is amodification of Jigsaw II, using task 
groups with science textbooks. They justify theh* approach by 
saying that teachers spend more time with textbooks than they 
do with laboratory equipment and other science materials. 
Research on the Home Teams-Expert Groups approach ap- 



pears to consist of master's projects and some course assign- 
ments. Most of the results favor tliis approach to cooperative 
learning. Average students have maintained or slightly im- 
proved their performance on unit tests while lower ability 
students have made "dramatic improvement" (1991 :135). The 
students involved in most studies were elementary and inter- 
mediate pupils. One researcher has speculated that the impor- 
tant factor in student test score improvement is the use of 
focused study items (these appear to be parallel fonns of test 
items, as shown in Figure 2 (p.545) of the 1989 article): 

Cohen (1991) reported on the use of a method called 
Finding Out/Descubrimiento in an interactive, multiability 
mathematics/science curriculum designed to foster the 
development of thinking skills in children in grades 2-5. 
Data collected on student performance on the Compre- 
hensive Test of hzsic Skills show highly significant gains 
in language arts, reading, and mathematics subtests, and 
in science when this subtest was included in 1983-84 
(1991:31). 

Jones (1990) worked with teachers and students in grades 3, 
4, and 5 in two rural elementary schools to compare the 
effectiveness of cooperative learning (versus traditional work 
of pairs of pupils) in r ioving students through misconceptions 
about temperature. Students were pretested, participated in a 
cognitive conflict activity, and posttested at the end of instruc- 
tion. Although conflict training did result in changes in 
students' concepts of temperature, the cooperative learning 
approach was no more effective than the control. 

Rosebery (1991) studied students who were using Checfie 
Konnen (Haitian Creole for **Search for Knowledge") as a part 
of collaborative scientific inquiry. As part of their investiga- 
tion of student taste preferences for water from first, second 
and third floor drinking fountains in their school, the seventh 
and eight grade students studied water acidity, salinity, and 
purity and learned chemistry, biology, and hydrogeology. As 
students investigated, they learned science content, improved 
their mathematics skills, scientific reasoning skills, and lan- 
guage and literacy (1991:29). 

Conwell et al. (1988) interviewed 28 students who worked 
in cooperative learning groups in intermediate science class- 
rooms in an urban system. The researchers reported several 
findings. Students perceived their science achievement posi- 
tively. Nearly two thirds rated their level of self-esteem as 
high. White students, particularly white females, felt positive 
about themselves when working in groups. More than three 
fourths of the students interviewed enjoyed working with 
everyone in their group. Students had no preferences based on 
race or sex for team mates. However, the overall response of 
black students to group work was not so positive as that of 
white students. White females, regardless of achievement 
level, felt better about themselves when working in a group, 
compared to working alone in science (1988:26). 

Kinney (1989) studied the effects of cooperative learning on 
the achievement of ninth-grade students in a multicultural 
general biology class. Kinney*s cooperative learning model 
involved two days of specifically designed cooperative learn- 
ing activities followedby an individual chapter test on the third 
day. Day one involved the use of ST AD. On day two, students 
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were given tteir graded te^ts and worksheets for 10 to 15 
minutes of study and then played Teams -Games-Tournaments 
(TGT) for the rest of the period. Laboratory activities took 
place between the three-day cycles. Black students of both 
sexes showed significant increase in achievement over their 
counteq)arts m theconU'ol group for shorttenn effects (1989:5). 
Both black and white students in the experimental group had 
a significant increase on chapter test scores. 

Okebukoia (1986) investigated the effect of cooperative 
work on student attitudes toward the science laboratory. Ninth 
grade biology students in two schools participated in the study. 
Attitudes were measured using the Attitude Toward Labora- 
tory Work Scale, with references to "chemistry" in the insUn- 
ment being changed to "biology." The scale was administered 
as both a pretest and a posttesL Posttest results indicated that 
students in the experimental treatment held significantly more 
favorable attitudes toward laboratory work than did students in 
the control group. Attitudes of male students were more 
favorable than those of females in the experimental group, but, 
regardless of sex, attitudes of students in the experimental 
group were still more positive than those of control group 
students. 

Lazarowitz et al. (1988) used a modified Jigsaw method 
with Group Investigation to teach two biology units (the cell, 
plants) to tenth grade students. Four general biology classes 
were used, with two classes randwnly selected to serve as the 
experimental group. Different teachers and aides worked with 
the experimental and control classes. Students in the experi- 
mental group participated in three days of team-building 
activities before the first unit was inu-oduced. Students in the 
control classes studied the same units but worked individually. 

Aides were asked to observe and record on-task behavior, 
observing each student for 30 seconds at a time, three tunes 
diuing a class period. The two units involved seven weeks of 
classes. Aides reported that students in the experimental group 
exhibited a greater amount of on-task behavior both during and 
after the experiment than did those in the control group. 

When achievement was measured, students in the experi- 
mental classes had higher scores on the cell unit, but those in 
the control classes hadhigher scores on theplantunit(1988:483). 
The researchers speculated that the cell unit involved more 
investigation and required more inquiry and high-level think- 
ing than did the plant unit, which contained more information 
gathering and observation activities. They inferred that differ- 
ences in the materials and nature of the tasks may have 
influenced achievement results (1988:485). 

Lararowitz (1991) also reported another study in which the 
same combination of cooperative methods was used with ninth 
grade general biology students. Six teachers and 201 students 
studied cell division. No significant differences between 
groups were found on pretest scores. On the posttest the 
experimental group scored significantly higher on all compari- 
sons. In the cooperative group girls scored higher than boys 
(1991:20). At the end of the study, all students took the 
Learning Environment Inventory (LEI). Students in the coop- 
erative group perceived their science classrooms as having a 
more benign atmosphere than did those in the control group 
(1991:21). 

^ Sherman (1989) conducted a seven-week study involving 
ElyC two high school biology classes of approximately equal abili- 

™T ^ 



ties. Students in the experimental class used Group Investiga- 
tion while those in the control group worked indcpendenUy as 
individuals. All students were told that 25% of their grade for 
that marking period would be based on a report of major 
biomes of the world. In the expeiimental class, each heteroge- 
neous cooperative group was assigned a major biome. Stu- 
dents within each group were allowed to select one of the 
required major subtopics to investigate for the group report 
(which was both written and oral). All in the group would 
receive the same grade for the report. Students in the control 
class were allowed to choosea major biome (with the same five 
subtopics) to study individually. 

Students were pre- and posttested with a 40-item multiple 
choice test. WhOe posttest scores were s ignificanUy higher for 
both groups, there were no significant differences on pre or 
posttest scores between treatment groups. Sheraian concluded 
that both methods were effective, but neither was superior. He 
speculated that lack of difference between groups might have 
been due to length of time involved or to the fact that the 
treatment came in the fmal ten weeks of the school year when 
friendships and working alliances among students were too 
fixed to be amenable to change (1989: 59). 

Roblee (1991) used group woric with an unruly, late-after- 
noon high school chemistry class. Students were placed in 
groups of four, composed of people who did not ordinarily 
work together, and were assigned roles in a hypothetical 
company. They were then presented with a problem to solve 
in which they had to use their chemistry knowledge to analyze 
and interpret information. As students became more confident 
in their problem solving skills, both participation and level of 
motivation increased (1991: 23). 

Scott and Heller (1991) advocate the use of group work in 
science to encourage female and minority students. Their 
argument is that traditional classroom competition inhibits 
learning by pupils who lack confidence in their abilities to be 
successful in a subject. They contend that cooperative group 
work benefits all students, and provide some suggestions for 
cooperative activities in physics. They advocate the use of tlie 
Jigsaw method for reinforcing difficult reading material, pre- 
paring research projects and demonstrations, and reviewing 
foratest(1991:28). 

Basili and Sanford (1991) conducted an investigation of the 
use of conceptual change strategies in small coqperative group 
settings in community college chemistry classes, using a 
pretest-posttest control-group experimental design. Four in- 
tact sections of inutxluctory chemistry at a suburban conrniu- 
nity college were involved. All sections had the same course 
content, identical homework problems, and examinations. 
Students in the experimental group were taught to make 
concept maps. The experimental group had five 50-minute 
lecture/discussion classes and a sixth class period in which 
tbey worked in groups of five. Group work involved explain- 
ing responses to questions assigned in advance of the group 
session and the construction of a concept map (that all agreed 
to) to hand in. 

Audio tapes of student interaction in the four sections were 
analyzed as part of the data. Upon analysis of the tapes, 
researchers found a significantly lower proportion of miscon- 
ceptions for four of the five concepts on the posttest for the 
experimental group. Analysis of individual verbal behavior 
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during the small-group work indicated that some group tasks 
encouraged students to interact in ways supportive of concep- 
tual change (1991: 298-299), However, it also revealed that 
poor group leaders prevented effective discussion by rushing 
through questions and imposing their views of the purpose of 
the task (1991: 302). 

Rice and Gabel (1990) worked with preservice elementary 
teachers enrolled in college chemistry. Two instructors taught 
four sections of chemistry, with each instructor having one 
experimental group and one control group. Students were 
assigned to do laboratory work in heterogeneous groups based 
on grade point averages. Slavin' s model of a team report and 
bonus point system involving six quizzes was used. In the 
conventional classes, students performed the laboratory work 
in pairs of their own choosing and submitted individual re- 
ports. 

The researchers were interested in the effects of cooperative 
workon achievement, development of laboratory skills, devel- 
opment of specific science concepts, student attitude toward 
science and science teaching as related to level of reasonmg 
ability, different learning preferences, and comfort level with 
science. When data were analyzed, students in the control 
classes outperformed those in the experimental classes on the 
60 comparisons involved in the study (1990: 12). 

Some Questions and Controversies Related to 
Cooperative Learning 

Cooperative Learning and the Gifted, Parents sometimes 
object to having their gifteu children mvolved in cooperative 
work, claiming that it exploits the child's abilities and cuts 
down on individual exploration. Slavin counters this argument 
by saying that research on ability grouping in elementary and 
secondary schools finds no achievement benefits of between- 
class grouping (e.g. high, middle, and low fourth grades or 
advanced, general, and basic tracks). This **no difference" 
finding is the same for high, average, and low achievers. For 
the gifted, the top 3-5%, the research is more murky, but most 
reviewers conclude that there is support for acceleration 
programs, but not for enrichment programs (199 1 :22-23). He 
admits that there is "... no long-term research on the effects of 
garden variety cooperative learning on the gifted" (1991: 23). 
Nevertheless, Slavin thinks that cooperative learning is good 
for gifted smdents because they are most likely to be able to 
provide elaborated explanations (a behavior closely associated 
with learning gains). 

Johnson and Johnson (1991) say that gifted students, and 
high achievers, should sometimes work alone, should some- 
times compete, and should sometimes woric m cooperative 
groups. TTbey have conducted nine studies, over a 15-year 
period, of high-abihty and gifted students m cooperative 
learning. They have found mastery and retention of assigned 
material higher in cooperative work than in competitive and 
individual learning. When these students were given a task to 
be solved that could involve higher-level or lower-level rea- 
soning suategies, they more frequently used higher-level strat- 
egies when working cooperatively than when working com- 
petitively or individually (1991 : 25). They cite a study involv- 
ing physics students in which gifted students used expert 
reasoning strategies when working in cooperative groups but 
used novice strategies when working alone. 



Johnson and Johnson believe there are five benefits for 
gifted students who work cooperatively: (1) learning with 
expectation of teaching to others results in learning at higher 
cognitive levels than learning to pass a test; (2) explaining 
increases the level of cognitive reasoning, retention, and 
achievement; (3) checking explanations of others increases 
achievement; (4) cognitive growdi requires social interaction 
and intellectual arguments; (5) viewing issues from a variety 
of perspectives promotes higher-level reasonmg and cognitive 
growth (1991: 25). 

When gifted students work with peers of lower ability, they 
are involved in cognitive restructuring and practice with the 
information being studied. Tlie Johnsons do not believe that an 
all-gifted group has any advantages over heterogeneous groups. 
They advocate that, if teachers separate out their gifted stu- 
dents for enrichment, they should also involve them in coop- 
erative work in heterogeneous groups. Gifted students should 
be helped to focus on the desire to tackle difficult tasks, not on 
winning over others (1991: 27). 

The Use of Group Rewards. Slavin and Kohn have polar 
positions on the use of group rewards in cooperative learning 
((jraves, 1991: 77). Slavin is concerned with improving 
student achievement and believes that group rewards, based on 
the individual achievement of each group member, are impor- 
tant, Kohn (1991) thinks rewards undermine intrinsic motiva- 
tion arid considers group rewards to be "group grade grub- 
bing/' Kohn advocates that teachers look at the curriculum and 
ask if it has intrinsic appeal and autonomy Gets students make 
choices), and if it fosters the creation of a community within 
the classroom. Kohn is in favor of the use of Group Investiga- 
tion because it does allow students to have control over what 
they will smdy and how they will gather uifomiation. 

Kohn believes that a carefully structured cooperative envi- 
ronment that offers challenging learning tasks, tliat allows 
students to make key decisions about how they will perform 
these tasks, and that emphasizes the value (and skills) of 
helpmg each other learn is a sufficient alternative to extrinsic 
motivators (1991: 86), 

Graves (1991) suggests that teachers ask themselves three 
questions: (1) Are there forms of group rewards that minimize 
the possible negative effects on intrinsic motivation? (2) 
Under what conditions will reliance on intrinsic motivation be 
most likeJy to achieve academic goals? and (3) Under what 
conditions may extrinsic group rewards continue to be neces- 
sary and useful? Graves considers extrinsic rewards to be 
damaging when (1) students would do the w ork without them, 
(2) students see them as an attempt to control and manipulate. 
He beUeves extrinsic rewards are least damaging when (1 ) the 
tasks are ones students are unwilling to do on their own, (2) the 
rewards are largely symbolic m form rather than being "pay- 
ment," (3) the rewards are social rather than tangible, or (4) 
they are unanticipated (1991: 78). 

Cooperative Learning: Benefits Revisited 

Cooperative learning prepares students for today's society. 
It promotes active learning — students learn more when they 
talk and work together than when they Usten passively. It 
motivates, leads to academic gains, fosters respect for diver- 
sity, and advances language skills (Mergendollar and Packer, 
1989). It breaks down stereotypes and leads to an increase in 
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self-esteem (Uscher, 1986). It builds cooperative skills, such 
as communication, interaction, cooperative planning, sharing 
of ideas, decision ntaking, listening, taking turns, and exchang- 
ing and synthesizing ideas (Sharan and Sharan, 1987: 24). It 
is a method of promoting academic achievement that Is not 
expensive to implement (Lyman and Foyle, 1988). 

Staff Development and Cooperative Learning 

Although cooperative learning is iiKixpensive to implement, 
it takes time and practice for teachers to become skilled in its 
use. Edwards and Stout (1990) emphasize the importance of 
not neglecting the direct teaching of social skills for coopera- 
tion before beginning academic assignments. These social 
skills include staying with the group, using quiet voices, giving 
direction to the group's work, encouraging participation, ex- 
plaining answers, relating present learning to past learning, 
criticizing ideas without criticizing people, asking probing 
questions, and requesting further rationale (Johnson & Johnson, 
1990: 31), Also, when in doubt about group size, start small 
(two to three people). 

Edwards and Stout say that cooperative learning is useful 
when students are practicing anew concepi, when discussion 
and higher order thinking skills are required, or when small 
group brainstorming is needed. They advise teachers wishing 
to try this method to enlist colleagues in trying it in their 
classrooms so that a support group can develop (1990: 40). 
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